


1 Introduction 

Now there is an intriguing situation in the meson spectroscopy. In fact 
several mesons ( fo(975), fo(1400), fo(1590) ) having the quantum numbers 
I=O, Jp = O+ are know ['I. In spite of the existence of the well-known 
~ ~ ( 9 8 0 )  mesons, recently GAMS has reported about the discovery of a new 
resonance with the same quantum numbers O+(O+)(IG(JP)), and m = 
1300 MeV f2]. Thus, there are more then 9 mesons having JPc = O++ in 
the energy region 1-1.6 GeV, which can't be classified as qij ground states. 

There exist several points of view on the nature of fo(975), ao(980) 
mesons. The fo(975) and ao(980) mass degeneration and the strong cou- 
pling of fo(975) with the K K channel make the explanation of these states 
in the simplest two-quark model difficult and probably indicate their ex- 
otic nature. 

Earlier,different interpretations of these mesons as four-quark states 
q2$ [31 ,hybrids qQg [41 have been proposed and fo(975) has been consid- 
ered as glueballs gg [5161 or as a two-quark system with a glueball i71. 

, Four-quark mesons were studied in detail in the MIT model 19. How- 
ever the annihilation channels are of great importance for the spectroscopy 
of these states. Some time ago we proposed the quark model with the 
quark interaction through instanton exchange. This interaction is obvi- 
ously not UA(l)-invariant and gives a nonzero contribution to the annihila- 
tion channel.Thus, the UA(l) problem was solved in the quark model.Note 
that this mechanism of UA(l) symmetry violation explains the EMC data 
on measurement of the axial current matrix element over polarized nucleon 
states [8191.1n this paper, we study the four-quark states in the framework 
of that model, and as a result, a satisfactory description of the fo(975) 
and narrow ao(980) mesons as q2$ states is obtained. 

2 Whether  t h e  q2q2 mesons are t he  magi- 
cally mixed states? 

An analysis of the S-wave processes: .~r.~r -+ .Irn,na -+ KK etc. reveals 
a significant coupling of fo(975) with KK. The MIT model contradicts 
these facts because its physical states are magically mixed and such decay 
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is the one-gluon exchange, 
modes are irnpossible[3!~herefore in [lo] the following mixing was proposed 

fo(975) = C' * cos a + Co * sin a 

fo(1400) = C ' * c o s p + ~ O * s i n p  ( I )  

c0 = uiidci 
1 C, = -( uu - + dqai i ,  

where C0 and C' are the states, with respect to which the MIT harnilto- 
nian is diagonal 13].1t is natural to suppose that the reason of the mixing 
in (1) is the same as in the qq' system. 

3 T h e  QCD vacuum effects in the  quark 
model 

For describing the dd spectrum we will use the quark model [''I, in 
which the interaction between quarks is induced by the vacuum-fluctuation 
exchange and is nonperturbative. In this model the ideas of instanton 
nature of the spontaneous chiral symmetry breaking were used. Due to 
this there appear the dynamical mass of valence quarks, as a result of their 
interaction with the gluon and quark condensates , and strong splitting of 
the multiplets owing to the short-range interaction induced by instantons. 
As shown in [11], the hadron energy is a sum of the kinetic energies of 
quarks and their interactions: 

Here 

is the kinetic energy of a confined quark, 

is the energy of interaction with quark and gluon condesates, 

is the quark interaction energy, which is approximated with 't Hooft's ef- 
fective lagrangian [I2] in the instanton liquid model.We choose the wave 
functions of the quark in a spherical bag as the confined quark ones. 
The model parameters are fixed in accordance with the hadron ground 
state spectrum a, = 0 . 7 , ~ ~  = 2GeV-I and are in agreement with the 
values,determined independently in the QCD sum rules and in the instan- 
ton liquid model.In distinction to the MIT model, the one-gluon term E, 
(5) is practically non essential and all splittings are connected with the 
instanton term (6) [lll. 

4 q2q2 mesons 

In [I3] a qZijZ state spectrum was calculated. The instanton interaction 
(6) leads to the aromatic mixing of the states and it changes strongly the 
decays properties of o+(J') mesons.The width of q2$ resonance decay 
into two mesons is 

where g = gOA, go is the #q2 state coupling with two mesons, A is the 
amplitude of transformation of a four-quark resonance into two mesons. 
The values of the amplitudes A are given in tables 1 and 2. They are 
coefficients in the #$-states decomposition in (qij)(qij) mesons pairs. In 
[lo] by an analysis of the *a + K K  scattering data it has been that 
g:,Kff/47r = 2 - 4.5GeVZ. In distinction to the MIT model we obtain 

a nonzero coupling of fo(975) with the a* channel (see table 1) and 
weak coupling with qq. On the basis of strong coupling of fo(975) with 
the qq channel the predictions for A+*- -+ fo(975) + ... -+ qq reaction 
have been obtained [lo]. The experimental investigation of this reaction 
may be a good test for these results. 



Table 1 Our result is that ~ ~ ( 9 8 0 )  may be interpretated as a narrow resonance 
The amplitudes of fo(975), ~ ~ ( 9 8 0 )  meson transformations into two of the $? system. The ~ ~ ( 9 8 0 )  width dependence on parameter pf (6) at 

0-(JP) mesons g f , , + ~ ~  /4n = 4.5GeV2 is shown in fig.1. There is also shown the scale of 

Table 2 
The amplitudes of q2$ meson into two 0- or 1-(JP) mesons 

There exist two points of view on the interpretation of the ~ ~ ( 9 8 0 )  
resonance. In the standard approach, the nq system spectrum of masses 
is described as a usual narrow resonance of the Breit-Wigner form, which is 
in accordance with its qij mesons interpretation. The other point of view 
is that the width I?,,, is very large (400-500 MeV), and the narrow 
structure of xq spectrum occurs as a threshold effect due to the strong 
influence of the KK channel. This approach corresponds to the #a 
system interpretation of the ~ ~ ( 9 8 0 )  resonance [lo]. 

qql- meson mixing angle corresponding to this value of p;. Thus we can see 
that in the framework of this model accuracy ~ ~ ( 9 8 0 )  may be interpreted 
as the narrow #$-state resonance. 

The data for other O+ ( JP )  states which can be observed in the exper- 
iment are given in table 2. 

width ao(980) 

Fig. 1 
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Aopoxo~ A . E . ,  KoYene~ H .M., E2-89-867 
3 ~ 6 0 ~  M.A. 
q2q2-~e30Hb1, a0(980),  fo(975)  ki BaKyyM KXA 

B K B ~ ~ K O B O ~ ~  MO,4esIM PaCCrMTaH CneKTp q2q2 Me301tCjB C YYe- 
TOE? BKJIaAa aHHHrFiJIX~OHHbIX KaHaJIOB Yepe3 UHCTaHTOH. A a ~ a  
UHTepnpeTaqkiX f, (975) ki Y 3 K O r 0  a. (980) KaK seTblpeXKBapK0- 
BMX C O C T O R H M ~ ~ .  

P a 6 o ~ a  BblnOJIHeHa B fla60paT0pkiki TeopeTkiYec~~fi ( P k i 3 k i ~ k i  

omki. 
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The q2q2 kesons,  a, (980),  fo  (975) 
and QCD Vacuum 

I n  t h e  quark model t h e  q2q2 mesons spectrum wi th  consi-  
d e r a t i o n  of a n n i h i l a t i o n  channels through i n s t a n t o n s  i s  
c a l c u l a t e d .  The i n t e r p r e t  a t  ion  of f0  (975) and narrow 
ao(980) mesons a s  four-quark s t a t e s  i s  given.  

The i n v e s t i g a t i o n  has  been performed a t  t h e  Laboratory 
of Theore t i ca l  Physics ,  JINR. 
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